Abstract
Introduction
The study region embraces the central part of the Alpine-Himalayan belt presented by a system of young mountain systems and basins that reveal a high level of recent and past seismic activity (Ambraseys et al., 1982; Engdahl et al., 1998; Berberian, 1992; Kondorskaya et al., 1993; Shebalin et al., 1998) . This region is an area of dense population and sensitive industrial infrastructure, for which the reliable seismic hazard assessment is a problem of a great practical importance. During last decades number of works dedicated to seismic hazard assessment at a local and regional scale have been conducted for this region using probabilistic approach (e.g. Balassanian et al., 1999; Shabani et al., 2007; Moinfar et al., 2012) .
In this work, for identification of earthquake prone areas we employ the phenomenological approach based on the idea that large earthquakes correlate with morphostructural nodes forming around intersections of the fault zones (Gelfand et al., 1972; Gorshkov et al., 2003) . The goal of this work is to identify seismogenic nodes prone to earthquakes M7+ in the region shown in Figure 1 .
The methodology used has been systematically tested in many seismic regions of the world. Recent earthquakes occurred in the previously studied regions with the methodology employed in this work have proved the sufficient reliability of the methodology. Specifically, Soloviev et al. (2014) demonstrated that 87% of the post-publication events with target magnitudes occurred at the nodes recognized in advance as the seismogenic ones. 
Methodology
The methodology used combines a Morphostructural Zoning (MZ) method, which defines a set of nodes, and a pattern recognition technique which classifies the nodes by similarity of geomorphicgeological-geophysical features (Gelfand et al., 1972) .
Morphostructural Zoning Method
The morphostructural zoning (MZ) map of the study region has been compiled using topographic maps, satellite images, geological and tectonic maps. MZ was performed deliberately ignoring seismicity data (earthquake catalogues). In the MZ (Gorshkov et al., 2003 ) the study region is divided into a system of hierarchically ordered areas of the homogeneous present-day topography and tectonic structure. MZ distinguishes (1) blocks (areas) of different rank; (2) their boundary zones, morphostructural lineaments; and (3) sites where lineaments intersect, the nodes. The rank of the lineament depends on the rank of the area limited by the lineament. With respect to the regional trend of the tectonic structure and topography, two types of lineaments are distinguished: (1) longitudinal and (2) transverse ones. Longitudinal lineaments are approximately parallel to the regional strike of the tectonic structure and of the topography and, as a rule, include the prominent faults. Transverse lineaments go across the regional trend of the tectonic structure and of the topography. Normally, they appear on the Earth's surface discontinuously and are evidenced by escarpments, by rectilinear parts of river valleys, and partly by faults.
Recognition of Earthquake-Prone Areas
The goal of the recognition is to separate the nodes into two classes: the nodes where earthquakes with magnitude M  7.0 may occur (class D) and the nodes where only earthquakes with M < 7.0 may occur (class N). Using the information on the recorded large earthquakes two sample sets of nodes are specified: D0 representing class D and N0 representing class N. Each node is described by the topographical, geological, geomorphic, and geophysical parameters. The values of the parameters form a vector that is associated with a node. The vectors are classified into classes D and N using pattern recognition techniques, specifically the CORA-3 algorithm (Gorshkov et al., 2003) that operates in two stages. At the learning stage the algorithm selects the characteristic D-and Ntraits for classes D and N, using samples D0 and N0. At the classification stage the algorithm counts the numbers of D-and N-traits (nD and nN respectively) that each node possesses and assigns it to class D if nD -nN ≥  or to class N if nD -nN < , where  is a parameter of the algorithm.
Data and Results
The MZ map displayed in Figure 2 shows morphostructural lineaments and loci of the nodes. Totally, with MZ we have identified 510 intersections of lineaments treated as the nodes. The node is defined as a circle of 30 km in the radius about the point where lineaments intersect. Such node dimension is consistent with the size of earthquake sources for M7+ (Wells and Coppersmith, 1994) . All nodes have been described by the uniform set of parameters listed in the Table 1 . Values of parameters are the input for the recognition algorithm Cora-3.
For the learning stage of the recognition the shallow earthquakes M7+ have been selected from the earthquake catalogs spanning different time intervals and covering totally or partially the study region (Engdahl et al., 1998; Berberian, 1994; Kondorskaya et al., 1993; Shebalin et al., 1997) . All the epicenters plotted in Figure 2 correlate with the nodes. Lines and red dots are the same as in Figure 2 . Circles mark recognized nodes capable of earthquakes M7+.
Characteristic features defined by Cora-3 that discriminate D nodes from N nodes are presented in Table 2 . 
Discussion and Conclusions
The obtained results are reasonable because we have recognized properly all the nodes hosting earthquake M7+ (Figure 3 ). We missed only one node accommodating the 1895 Krasnovodsk earthquake, the location of which is poorly defined (Balassanian et al., 1999) . Most of D* nodes are located in the Caucasus. Figure 3 shows that the largest cluster of D* nodes is situated north of Erevan in the Armenian part of the Lesser Caucasus. In the Greater Caucasus D* nodes form several clusters occupying the southern flank of the Main Caucasus Range. The isolated D* nodes were recognized north of the Sochi and Sukhumi towns and, in the eastern part of the Greater Caucasus, near the towns of Nalchik, Vladikavkaz, and Makhachkala.
In the Alborz, large clusters of D* nodes are located in the westernmost and easternmost parts of the mountain system. Another prominent area of high seismic potential is delineated near and east of Tehran.
In the Kopet Dagh we have recognized only a few D* nodes. They are concentrated in the southwest and in the northwest edges of the Kopet Dagh.
Thus, the present study is considered to provide the important information on the potential earthquake sources for long-term seismic hazard assessment in the central part of the AlpineHimalayan belt.
